SUMMARY Forty patients after vagotomy (truncal vagotomy 18, selective vagotomy 22) with a drainage procedure were given 200 ml of 50 % dextrose by mouth (dumping provocation test), the symptoms induced being noted, and any fall in plasma volume was assessed by serial measurement of the haematocrit. An insulin gastric secretion test was also performed on each patient.
The object of operations designed to treat chronic duodenal ulcer is to reduce the hydrogen ion concentration of the gastric contents. It is surprising, therefore, that a possible relationship between the extent to which this object has been achieved, and the dumping syndrome that may be a sequel of these operations, has not been thoroughly examined. The present study investigates this relationship in patients after vagotomy with a drainage procedure.
Patients Studied
Studies were carried out on 40 patients who had had a vagotomy (truncal vagotomy 18, selective vagotomy 22) with a drainage procedure HeinekeMikulicz pyloroplasty 18, gastroduodenostomy 12, gastrojejunostomy 10) as treatment of a chronic duodenal ulcer. The age of the patients ranged from 22 to 77 (average = 44 years); six were women and 34 were men. Two of the patients studied were undergoing investigation for symptoms of recurrent peptic ulceration and five for severe postcibal Received for publication 15 January 1974. symptoms. The remaining 33 patients were volunteers: 27 were studied in the immediate postoperative period and the remaining six at varying times later after operation. Of those studied shortly after operation, 15 were also studied before operation.
Methods
Each patient received a dumping provocation test and an insulin gastric secretion test. Both tests were performed within 10 days of each other.
DUMPING PROVOCATION TEST
The patients were studied in a semirecumbent position after an eight-hour fast. They were given an oral hypertonic glucose meal (200 ml of a 50 % solution). Symptoms occurring during the test were noted. Two fasting blood samples were obtained, without stasis, from an indwelling cannula in a large antecubital vein for estimation of haematocrit (packed cell volume). Subsequent samples were taken at five, 10, 15, 20, 25, 30, 40, 60, 90, and 120 The variables examined were (1) the basal hydrogen rcentage fall in ion concentration (m-equiv per litre), the average of lated from the the three samples collected; (2) the peak hydrogen ion Lethod of least concentration (m-equiv per litre), the average of the entage plasma highest 10-minute hydrogen ion concentration and g 1).
that of the previous and subsequent 10-minute periods; (3) the vohune of gastric juice (ml) collected ,T for the basal and peak periods as in (1) and (2) above;
ight-hour fast. (4) the 30-minute hydrogen ion output (m-equiv) for n the stomach the basal and peak periods as in (1) and (2) 
Results

OCCURRENCE OF DUMPING SYMPTOMS
None of the 15 patients studied before operation had dumping symptoms clinically or when challenged with the hypertonic glucose meal.
Twenty of the patients studied after operation had dumping symptoms of varying severity after ordinary meals and these symptoms were reproduced during the dumping provocation test. An additional three patients had dumping symptoms during the test who did not have such symptoms after ordinary meals. For the purpose of the following analysis the presence or absence of symptoms during the dumping provocation test was used to divide the patients studied postoperatively into two groups: 17 patients who were symptom-free and 23 patients who had dumping symptoms. There were no significant differences in the occurrence of dumping symptoms between those patients who had truncal vagotomy and selective vagotomy, between the patients with the three different types of drainage procedure, and between those patients who were studied in the immediate postoperative period and those studied after six months (table I) The means of the peak hydrogen ion concentration after insulin hypoglycaemia in the three groups are shown in table III. Those patients with dumping symptoms had a siginificantly lower peak hydiogen ion concentration than those without such symptoms (p < 0.01). In addition, the symptom-free postoperative patients had significantly lower peak values than the preoperative patients (p < 0-01). Furthermore, when all the postoperative patients were taken together there was a highly significant inverse correlation between the peak hydrogen ion concentration and the rate of percentage fall of plasma volume (rs = -078, p < 0001) (fig 3) . 'The standard error of the mean is shown in brackets.
THE EFFECT OF THE DIFFERENT OPERATIVE PROCEDURES AND THE DIFFERENT TIMES OF STUDY ON THE HYDROGEN ION CONCEN-TRATION
There were no significant differences in the basal and the peak hydrogen ion concentrations between those patients who had a truncal or a selective vagotomy. In addition there were no significant differences in these volumes between the groups of patients who had the different drainage procedures with the exception of the difference in the peak hydrogen ion concentration between those with a pyloroplasty and those with a gastrojejunostomy (P < 0-05). There were no significant differences between the hydrogen ion concentrations of those studied immediately after operation and those studied after six months. These results are summarized in table II.
THE VOLUME OF GASTRIC JUICE
The means of the volumes of gastric juice collected in the basal and peak 30-minute periods are shown in table V. There was no significant difference in the volumes of the basal 30-minute period between the preoperative and two postoperative groups. However, the volumes of the peak 30-minute period in those patients with dumping symptoms were significantly less than in those without such symptoms (p < 001), and that in the symptom-free postoperative patients was significantly less than in the preoperative patients (p < 0.01).
THE 30-MINUTE HYDROGEN ION OUTPUT
The results based on the 30-minute hydrogen ion output for the basal and peak periods in the preoperative and two postoperative groups are similar to those based on hydrogen ion concentration. They are shown in table VI. In the postoperative patients, in the basal period the 30-minute hydrogen ion output was significantly lower in those with dumping symptoms than in those without such symptoms (p < 0.01); in the peak period the hydrogen ion output was significantly lower in those with dumping symptoms compared with those who were symptomfree (p < 0.01), and in the symptom-free postoperative patients compared with those studied preoperatively (p < 0.01).
Furthermore, there was a significant inverse correlation between the plasma volume fall and the basal and the peak 30-minute hydrogen ion output (rs = -0.6727, P < 0.001 and rs = -0 7665, p < 0001, respectively).
Discussion
In the studies reported in this paper, dumping symptoms were provoked by the oral administration of hypertonic glucose. In a sense this is an artificial stimulus, but there is good evidence (Roberts, Randall, Farr, Kidwell, McNeer, and Pack (1954) and Le Quesne et al (1960) that the symptoms and changes produced in plasma volume by hypertonic glucose are the same as those after a normal meal. Furthermore, as borne out by this study, the number of patients who develop symptoms after oral hypertonic glucose is almost identical to the number who experience significant dumping symptoms after a meal.
The results of this investigation show that in patients after a vagotomy with a drainage proceedure, there is a correlation between the occurrence ofdump-ing symptoms following oral hypertonic glucose and the hydrogen ion concentration of the gastric contents both in the basal state and after insulin hypoglycaemia. These results demonstrate that the lower the basal hydrogen ion concentration and the lower the peak hydrogen ion concentration after insulin hypoglycaemia, the greater is the liability to the dumping symptoms. In addition, in those patients with symptoms there is no significant difference between the basal and peak hydrogen ion concentrations, whereas in those patients without such symptoms the peak hydrogen ion concentration is significantly higher than the basal. Similar observations were made when the values for the 30-minute hydrogen ion output were examined. The postoperative patients studied were not a homogeneous group: the patients had one of two types of vagotomy, one of three types of drainage procedure, and the times of study after operation varied considerably. However, despite this the overall conclusions reported here exhibit a high degree of statistical significance.
These findings, together with the analysis of the results in relation to Hollander's criteria, suggest that dumping symptoms are more liable to develop in patients in whom the operation has resulted in complete vagal denervation of the stomach. This may be the case. However, current work in this department suggests that the interpretation of postvagotomy insulin tests with respect to completeness of the nerve section demands the measurement of factors, such as pyloric loss and duodenal reflux, which affect the hydrogen ion concentration of the gastric juice, but which are not taken into account by the Hollander criteria. Therefore, it is not possible at the present time to make a definite statement concerning the relationship between occurrence of dumping symptoms and the completeness of vagus nerve section.
The only previous work relating the occurrence of the dumping syndrome to the results of an insulin gastric secretion test is that of Kennedy and Connell (1969) . They claimed to have found a significantly greater proportion of 'dumpers' in those patients who had positive tests as judged by Hollander's criteria. This claim is contrary to the results described in this paper. However, on re-analysing their data, using the x2 test, we were unable to confirm that their findings were statistically significant.
The reason for the association between the dumping syndrome and the ability of the stomach to secrete acid is not immediately apparent. However, a tentative explanation may be put forward. It is well established that the dumping syndrome is associated with a fall in plasma volume (Roberts et al, 1954; Le Quesne et al, 1960) . This further study supports this fact. It has recently been established that the gastric emptying rate of hypertonic glucose is proportional to the fall of plasma volume it produces (Haynes, Thomson, Brown, and Keeling, 1973) . Hunt (1957) has shown that in normal people and in patients suffering from chronic duodenal ulceration the rate of gastric emptying is inversely proportional to the hydrogen ion concentration of the gastric contents. It is therefore conceivable that after vagotomy with a drainage procedure the gastric hydrogen ion concentration influences the rate of gastric emptying in a similar way. Thus patients with a lower gastric hydrogen ion concentration would have a more rapid rate of gastric emptying and a greater liability to dumping symptoms and those with a higher gastric hydrogen ion concentration would have a slower rate of gastric emptying and a smaller liability to dumping symptoms.
It is worth recording that the volumes of gastric juice collected in the basal period were not significantly different in the two postoperative groups studied and that the difference in the means of the volumes collected in the peak 30-minute period between the symptom-free group and the group with dumping symptoms was only 30-5 ml. The addition of a volume of gastric juice of this order to the hypertonic glucose would not greatly reduce its osmotic pressure.
The occurrence of dumping symptoms following partial gastrectomy and even simple gastro-jejunostomy might also be explained on the basis of a lowering of the hydrogen ion concentration of the gastric contents-after partial gastrectomy by the removal of the greater part of the parietal cell mass and after gastrojejunostomy it is possible that reflux of alkaline intestinal contents may occur and so lower the hydrogen ion concentration.
In conclusion, the results of this study suggest that the occurrence of the dumping syndrome after vagotomy with a drainage procedure may be influenced by the hydrogen ion concentration of the gastric contents.
